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METHOD FOR FABRICATING 
SEMCONDUCTOR DEVICE 

FIELD OF THE INVENTION 

The present invention relates to a method for fabricating a 
semiconductor device, and more particularly to a method for 
fabricating a semiconductor device with a stress-inducing 
dielectric layer. 

BACKGROUND OF THE INVENTION 

A metal-oxide-semiconductor field effect transistor 
(MOSFET) is currently one of the most promising elements 
applied by a semiconductor device, due to the Superior char 
acteristics in view of operating speed and/or power consump 
tion and cost efficiency. 

Currently, in order to further enhance the performance of 
the MOSFET, a strained-Si channel technology, such as ulti 
lizing a contact etch stop layer (CESL) with compress/strain 
stress (referred as stress-inducing CESL), is applied to raise 
the channel carrier mobility of MOSFETs. 

To take a stress-inducing CESL as an example, its forma 
tion may comprises following steps: A silicon nitride (SiN) 
dielectric layer covering on a transistor are firstly provided, 
and an ultra-violate (UV) curing step is then performed to 
make the SiN dielectric layer gradually gaining a stress. Such 
that the carrier mobility of the transistor subject to the stress 
can be improved. 

However, the semiconductor device still suffers some 
problems as each technology nodes shrink and the dimension 
and element pitch of the semiconductor device are reduced. 
For example, during the UV curing step, Voids or gaps may 
occur in these aforementioned material layers due to the 
stress gain and the difference of expansion rate between the 
different material layers. As a result, Some undesired metal 
leads may occur on the metal lines or plugs generated by a 
Subsequent interconnection process and extend along those 
voids. At the worst, the semiconductor device may be short 
ened out by those metal leads. 

Therefore, there is a need of providing an advanced method 
for fabricating a semiconductor device to obviate the draw 
backs and problems encountered from the prior art. 

SUMMARY OF THE INVENTION 

Therefore, one aspect of the present invention is to provide 
a method for fabricating a semiconductor device, wherein the 
method comprises steps as follows: Firstly, a first conductive 
type MOS transistor and a second conductive-type MOS tran 
sistor are provided on a Substrate. Subsequently, a first stress 
inducing dielectric layer and a first capping layer are formed 
on the first conductive-type MOS transistor in sequence. A 
second stress-inducing dielectric layer and a second capping 
layer are then formed on the second conductive-type MOS 
transistor in sequence. Next, the first capping layer is 
removed. 

In one embodiment of the present invention, the first con 
ductive-type MOS transistor is an N-type MOS (referred as 
NMOS) transistor and the first stress-inducing dielectric layer 
is a tensile stress-inducing dielectric layer, the second con 
ductive-type MOS transistor is a P-type MOS (referred as 
PMOS) transistor and the second stress-inducing dielectric 
layer is a compressive stress-inducing dielectric layer. 

In one embodiment of the present invention, the formation 
of the tensile stress-inducing dielectric layer comprises per 
forming an UV curing step. In one embodiment of the present 
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2 
invention, the formation of the tensile stress-inducing dielec 
tric layer comprises performing a plurality of dielectric depo 
sition steps each of which is followed by an UV curing step. 

In one embodiment of the present invention, the formation 
of the compressive stress-inducing dielectric layer and the 
second capping layer comprises removing portions of the 
tensile stress-inducing dielectric layer and the first capping 
layer which are disposed on the PMOS transistor; subse 
quently forming the compressive stress-inducing dielectric 
layer and the second capping layer on the PMOS transistor 
and the remaining first capping layer, and removing portions 
of the compressive stress-inducing dielectric layer and the 
second capping layer which are disposed on the NMOS tran 
sistor. 

In one embodiment of the present invention, the method for 
fabricating the semiconductor device further comprises per 
forming a thermal annealing after the portion of first capping 
layer disposed on the PMOS transistor is removed. 

In one embodiment of the present invention, the first con 
ductive-type MOS transistoris a PMOS transistor and the first 
stress-inducing dielectric layer is a compressive stress-induc 
ing dielectric layer; the second conductive-type MOS tran 
sistor is an NMOS transistor and the second stress-inducing 
dielectric layer is a tensile stress-inducing dielectric layer. 

In one embodiment of the present invention, the second 
capping layer can be removed simultaneously while the first 
capping layer is removed. 

In one embodiment of the present invention, the first cap 
ping layer and the second capping layer both consist of SiO, 
and the first stress-inducing dielectric layer and the second 
stress-inducing dielectric layer both consist of SiN. 

In one embodiment of the present invention, the method for 
fabricating the semiconductor device further comprises form 
ing a buffer layer blanketed over the substrate, the first con 
ductive-type MOS transistor and the second conductive-type 
MOS transistor prior the formation of the first stress-inducing 
dielectric layer and the first capping layer. In one embodiment 
of the present invention, the buffer layer consists of SiO. 

In one embodiment of the present invention, the method for 
fabricating the semiconductor device further comprises form 
ing a dielectric layer on the first stress-inducing dielectric 
layer and the second stress-inducing dielectric layer after the 
first capping layer is removed. In one embodiment of the 
present invention, the dielectric layer consists of material 
used to form an inter layer dielectric (ILD) of a metal inter 
connection structure. 

In one embodiment of the present invention, the first stress 
inducing dielectric layer and the first capping layer may be 
formed either in the same or in different apparatus. In one 
embodiment of the present invention, the second stress-in 
ducing dielectric layer and the second capping layer may be 
formed either in the same or in different apparatus. 

In accordance with aforementioned embodiments, a 
method for fabricating a semiconductor device is provided in 
order to form a dual stress liner (DSL) on a complementary 
metal-oxide-semiconductor (CMOS) transistor element of 
the semiconductor device, wherein the method comprises 
several steps as follows: A first tress-inducing dielectric layer 
and a first capping layer are formed in sequence on an first 
conductive-type MOS transistor, a second stress-inducing 
dielectric layer and a second capping layer are then formed in 
sequence on a second conductive-type MOS transistor, and 
the first capping layer is Subsequently removed. 

Since Voids and gaps may occur in these aforementioned 
material layers due to the UV curing steps of the process for 
forming the tensile stress-inducing dielectric layer, thus by 
removing the capping layers prior to the Subsequent process, 
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Such as the process for forming an interconnection, the draw 
backs and problems resulted from the Voids and gaps can be 
obviated. Consequently, the problems caused by the metal 
leads extending along the Voids and gaps and generated by the 
interconnection fabrication process, which may cause the 5 
semiconductor device shortened can be avoided; and the yield 
of the semiconductor device can be thereby increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 

The above objects and advantages of the present invention 
will become more readily apparent to those ordinarily skilled 
in the art after reviewing the following detailed description 
and accompanying drawings, in which: 

FIGS. 1A through 1G illustrate cross-sectional views of a 
method for fabricating a semiconductor device in accordance 
with one embodiment of the present invention. 

15 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 2O 

A method for fabricating a semiconductor device is pro 
vided to form a DSL on a CMOS transistor element of the 
semiconductor device in order to improve the performance 
and the yield of the semiconductor device. The present inven 
tion will now be described more specifically with reference to 
the following embodiments. It is to be noted that the follow 
ing descriptions of preferred embodiments of this invention 
are presented herein for purpose of illustration and descrip 
tion only. It is not intended to be exhaustive or to be limited to 
the precise form disclosed. 

FIGS. 1A through 1G illustrate cross-sectional views of a 
method for fabricating a semiconductor device 100 in accor 
dance with one embodiment of the present invention, wherein 
the semiconductor device 100 has at least one CMOS tran 
sistor element 115 and a DSL 118 form on the CMOS tran 
sistor element 115. 
The method for fabricating the semiconductor device 100 

comprises steps as follows: A CMOS transistor element 115 
is firstly provided in a substrate 101, wherein the CMOS 
transistor element 115 comprises an NMOS transistor 102 
and a PMOS transistor 103 formed on the Substrate 101. In the 
present embodiment, the substrate 101 is a silicon substrate 
having a P well 116 and an N well 117 isolated by a shallow 
trench-isolation (STI) 112. The NMOS transistor 102 com 
prises a gate dielectric layer 102a, a gate 102b, spacers 102c 
and a source/drain 102d, wherein the gate dielectric layer 
102a, the gate 102b and the spacers 102c are disposed on the 
P well 116, and the source/drain 102d is formed in the P well 
116. The PMOS transistor 103 comprises a gate dielectric 
layer 103a, a gate 103b, spacers 103c and a source/drain, 
wherein the gate dielectric layer 103a, the gate 103b and the 
spacers 103 care disposed on the N well 117, and the source/ 
drain of the PMOS transistor 103 is formed in the N well 117. 

In some embodiments of the present invention, the source? 55 
drain of the PMOS transistor 103a may include silicon ger 
manium (SiGe) epitaxial structure 104 in order to enhance its 
carrier mobility. The formation of the SiGe epitaxial structure 
104 comprises following steps: A portion of the substrate101 
of the N well 117 is first removed to form a plurality of 60 
trenches (not shown), for example. Subsequently, a selective 
epitaxy growth (SEG) process is performed to form the SiGe 
epitaxial structure 104 in the trenches. The SiGe epitaxial 
structure 104 is not only used as the Source/region regions of 
the PMOS transistor 103, but also increases compressive 65 
stress of a channel of the PMOS transistor 103. By adopting 
the SiGe epitaxial structure 104 as part of the source/drain of 
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4 
the PMOS transistor 103, the mobility of holes of the PMOS 
transistor 103 is increased, and the operation speed and per 
formance of the PMOS transistor 103 are enhanced. 

Next, a buffer layer 105 is formed on the substrate 101, the 
NMOS transistor 102 and the PMOS transistor 103 (see FIG. 
1A). In some embodiments of the present invention, the 
buffer layer 105 is formed either by a chemical vapor depo 
sition (CVD) process or by a physical vapor deposition 
(PVD) process. And in the present embodiment, the buffer 
layer 105 preferably consists of SiO. 

Subsequently, a dielectric layer 106 and a capping layer 
107 are formed in sequence on the buffer layer 105 by a CVD 
or a PVD process; and a UV curing step 113 is then performed 
on the dielectric layer 106 and the capping layer 107 (see FIG. 
1B), so as to make the dielectric layer 106 gradually gaining 
a tensile stress and Subsequently imposing on the Substrate 
101, the NMOS transistor 102 and the PMOS transistor 103. 

In some embodiments of the present invention, the dielec 
tric layer 106 consists of SiN, and the capping layer 107 
consists of SiO2. Besides, for the purpose of process design, 
the dielectric layer 106 and the capping layer 107 can be 
formed by the same apparatuses (in the same chamber) or 
otherwise formed by different apparatuses (in different cham 
bers). 

Although the tensile stress-inducing dielectric layer 106 
depicted in FIG. 1B is merely illustrated as a single-layer 
structure, it should be appreciated that in some other embodi 
ment, the tensile stress-inducing dielectric layer 106 may be 
a multilayer structure formed by a plurality of dielectric depo 
sition steps and a plurality of UV curing steps, wherein each 
of the dielectric deposition steps is followed by at least one of 
the UV curing steps. Another UV curing step with a greater 
curing dosage may be then carried out after the capping layer 
107 is formed on the most top dielectric deposition layer, so as 
to make the tensile stress of the dielectric layer 106 getting 
enough to a predetermined level. However, during the UV 
curing step, Voids 119 or gaps may occur in the SiO2 capping 
layer 107 due to the tensile stress imposed the cured SiN 
dielectric layer 106 and the difference of expansion rate 
between the cured SiO, capping layer 107 and the cured SiN 
dielectric layer 106. 

Next, a patterned photo-resist layer 108 is formed on the 
capping layer 107 and at least one etching step is then per 
formed by using the buffer layer 105 as a stop layer to remove 
portions of the capping layer 107 and the dielectric layer 106 
which are disposed on the PMOS transistor 103 (see FIG. 
1C). In some embodiments of the present invention, several 
etching steps may be arranged to remove the portions of the 
capping layer 107 and the dielectric layer 106 disposed on the 
PMOS transistor 103. For example, the capping layer 107 
consisting of SiO, may be moved by a hydrogen fluoride (HF) 
based wet etch; and the dielectric layer 106 consisting of SiN 
may be moved by a phosphoric acid (HPO) based wet etch. 
Otherwise, the SiO, capping layer 107 and the SiN dielectric 
layer 106 can be removed simultaneously by a single etching 
step. In some other embodiments, a reactive ion etching (RIE) 
process may be performed to remove the SiO capping layer 
107 and the SiN dielectric layer 106. 

For the purpose to further enhance the tensile stress of the 
dielectric layer 106, an optional anneal step may be per 
formed after the portion of the capping layer 107 disposed on 
the PMOS transistor 103 is removed. In the present embodi 
ment, a portion of the capping layer 107 disposed on the 
PMOS transistor 103 is firstly removed by a HF based wet 
etching. A thermal annealing step is then carried out on the 
intact dielectric layer 106. Subsequently another wet etching 
using HPO as the etchant is performed to remove the por 
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tion of the tensile stress-inducing dielectric layer 106 dis 
posed on the PMOS transistor 103. However, in some other 
embodiments, a RIE process may be firstly performed to 
remove the portions of the capping layer 107 and the dielec 
tric layer 106 which are disposed on the PMOS transistor 103; 
and the thermal annealing step is then carried out on the 
remaining dielectric layer 106, after the patterned photo 
resist layer 108 is stripped. 

Thereafter, a dielectric layer 109 and a capping layer 110 
are formed in sequence on the PMOS transistor 103 and the 
remaining capping layer 107 (see FIG. 1D) by a CVD or a 
PVD process. In some embodiments of the present invention, 
the dielectric layer 109 consists of SiN; the capping layer 110 
consists of SiO, and the dielectric layer 109 may gain a 
compressive stress by controlling the deposition parameters 
of SiN. 

Similarly, for the purpose of process design, the dielectric 
layer 109 and the capping layer 110 can be formed by the 
same apparatuses (in the same chamber) or otherwise formed 
by different apparatuses (in different chambers). Since the 
compressive stress-inducing dielectric layer 109 and the pro 
cess for forming thereofare well known by persons skilled in 
the art, thus the detail steps, parameters and mechanism 
thereof will not be redundantly described. 

Subsequently, another patterned photo-resist layer 114 is 
formed on the capping layer 110, and an etching step is then 
performed by using the capping layer 107 as a stop layer to 
remove portions of the capping layer 110 and the dielectric 
layer 109 which are disposed on the NMOS transistor 102, so 
as to expose the remaining capping layer 107 (see FIG.1E). In 
Some other embodiments of the present invention, the cap 
ping layer 110 may be moved either by a HF based wet 
etching. The dielectric layer 109 may be moved by a HPO. 
based wet etch. In some other embodiments, a RIE process 
may be performed to simultaneously remove the SiO2 cap 
ping layer 110 and the SiN dielectric layer 109. 

After the patterned photo-resist layer 114 is stripped, a 
further etching step is performed by using the remaining 
dielectric layer 106/109 as a stop layer to remove the remain 
ing capping layer 107/110 (see FIG. 1F). In some embodi 
ments of the present invention, the etching step for removing 
the remaining capping layer 107 may be either a wet etching 
or a dry etching. In the present embodiment, because the 
capping layer 110 and the capping layer 107 are both made of 
SiO, thus the capping layers 110 and 107 may be removed by 
the HF based wet etching simultaneously. 

Thereafter, a dielectric layer 111 is formed on the dielectric 
layer 106 and 109, and some other subsequent process for 
fabricating the semiconductor device 100 may be continually 
carried out on the dielectric layer 111. For example, in the 
present embodiment, a metal interconnection structure con 
sisting of an ILD and a plurality of patterned metal layers (not 
shown) are formed on the dielectric layer 106 and 109, mean 
while the semiconductor device 100 is formed, wherein the 
dielectric layer 111 consists of dielectric material used to 
form the ILD. Since the metal interconnection structure and 
the process for forming thereof are well known by persons 
skilled in the art, thus the detail steps, parameters and mecha 
nism thereof will not be redundantly described. 

It should be appreciated that the process sequence for 
forming the tensile stress-inducing dielectric layer 106 and 
the compressive stress-inducing dielectric layer 109 may be 
exchangeable. For example, in some other embodiments, the 
tensile stress-inducing dielectric layer 106 and the capping 
layer 107 can be formed after the formation of the compres 
sive stress-inducing dielectric layer 109 and the capping layer 
110, nevertheless, the tensile stress-inducing dielectric layer 
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6 
106 and the capping layer 107 are formed prior the formation 
of the compressive stress-inducing dielectric layer 109 and 
the capping layer 110 in the present embodiment. 

In accordance with aforementioned embodiments, a 
method for fabricating a semiconductor device is provided in 
order to form a DSL on a CMOS transistor element of the 
semiconductor device, wherein the method comprises several 
steps as follows: A first stress-inducing dielectric layer and a 
first capping layer are formed in sequence on an NMOS 
transistor, a second stress-inducing dielectric layer and a 
second capping layer are then formed in sequence on a PMOS 
transistor, and the first capping layer is Subsequently 
removed. 

Since Voids and gaps may occur in the aforementioned 
material layers due to the UV curing steps of the process for 
forming the tensile stress-inducing dielectric layer, thus by 
removing the capping layers prior to the Subsequent process, 
Such as the process for forming an interconnection, the draw 
backs and problems resulted from the Voids and gaps can be 
obviated. Consequently, the problems caused the metal leads 
extending along the Voids and gaps and generated by the 
interconnection fabrication process, which may cause the 
semiconductor device shortened can be avoided; and the yield 
of the semiconductor device can be thereby increased. 

While the invention has been described in terms of what is 
presently considered to be the most practical and preferred 
embodiments, it is to be understood that the invention needs 
not be limited to the disclosed embodiment. On the contrary, 
it is intended to cover various modifications and similar 
arrangements included within the spirit and scope of the 
appended claims which are to be accorded with the broadest 
interpretation so as to encompass all such modifications and 
similar structures. 
What is claimed is: 
1. A method for fabricating a semiconductor device, com 

prising steps as follows: 
providing an first conductive-type metal-oxide-semicon 

ductor (MOS) transistor and a second conductive-type 
MOS transistor on a substrate; 

forming a first stress-inducing dielectric layer and a first 
capping layer in sequence on the first conductive-type 
MOS transistor and the second conductive-type MOS 
transistor, 

removing a portion of the first capping layer which is 
disposed on the second conductive-type transistor, 

performing a thermal annealing after the portion of first 
capping layer disposed on the PMOS transistor is 
removed; 

removing a portion of the first stress-inducing dielectric 
layer which is disposed on the second conductive-type 
transistor after the thermal annealing; 

forming a second stress-inducing dielectric layer and a 
second capping layer stacking in sequence on the second 
conductive-type MOS transistor and a remaining por 
tion of the first capping layer disposed on the first con 
ductive-type transistor, 

removing portions of the second stress-inducing dielectric 
layer and the second capping layer which are disposed 
on the first conductive-type MOS transistor by using the 
remaining portion of the first capping layer as an etching 
stop layer, and 

removing the first capping layer. 
2. The method according to claim 1, wherein the first 

conductive-type MOS transistor is an N-type MOS (NMOS) 
transistor and the first stress-inducing dielectric layer is a 
tensile stress-inducing dielectric layer; the second conduc 
tive-type MOS transistor is a P-type MOS (PMOS) transistor 
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and the second stress-inducing dielectric layer is a compres 
sive stress-inducing dielectric layer. 

3. The method according to claim 2, further comprising 
step of performing an UV curing after the tensile stress 
inducing dielectric layer and the first capping layer are 
formed. 

4. The method according to claim 2, wherein the formation 
of the tensile stress-inducing dielectric layer comprises per 
forming a plurality of dielectric deposition steps and each of 
which is followed by an UV curing step. 

5. The method according to claim 1, wherein the first 
conductive-type MOS transistor is a PMOS transistor and the 
first stress-inducing dielectric layer is a compressive stress 
inducing dielectric layer; the second conductive-type MOS 
transistorisan NMOS transistor and the second stress-induc 
ing dielectric layer is a tensile stress-inducing dielectric layer. 15 

6. The method according to claim 1, wherein the second 
capping layer can be removed simultaneously while the first 
capping layer is removed. 

7. The method according to claim 1, wherein the first 
capping layer and the second capping layer both consist of 20 
SiO. 

8. The method according to claim 1, wherein the first 
stress-inducing dielectric layer and the second stress-induc 
ing dielectric layer both consist of SiN. 

8 
9. The method according to claim 1, further comprising 

steps of forming a buffer layer blanketed over the substrate, 
the first conductive-type MOS transistor and the second con 
ductive-type MOS transistor prior the formation of the first 
stress-inducing dielectric layer and the first capping layer. 

10. The method according to claim 9, wherein the buffer 
layer consists of SiO. 

11. The method according to claim 1, further comprising 
steps of forming a dielectric layer on the first stress-inducing 
dielectric layer and the second stress-inducing dielectric layer 
after the first capping layer is removed. 

12. The method according to claim 11, wherein the dielec 
tric layer consists of materials used to form an inter layer 
dielectric (ILD) of a metal interconnection structure. 

13. The method according to claim 1, wherein the first 
stress-inducing dielectric layer and the first capping layer are 
formed either in the same apparatus or in different apparatus. 

14. The method according to claim 1, wherein the second 
stress-inducing dielectric layer and the second capping layer 
are formed either in the same apparatus or in different appa 
ratuS. 


